In this special edition of Eye, we review the progress made in the understanding and treatment of age-related macular degeneration (AMD). This seems an appropriate time to do so due to the tremendous advances made in the last 5 years; first in dissecting the basic aetiology of the disease and second in turning this knowledge into useful treatments for patients.
The earliest descriptions of AMD dated from 1884 and 1885, 1,2 but until relatively recently knowledge of the basis of the disease and how to treat it were limited. When I began training in ophthalmology in 1991, treatment of AMD was mainly limited to the prescription of low visual aids. A few patients benefitted from thermal laser but most became severely visually impaired. Most clinicians thought that it was an environmental disease. Large-scale epidemiological studies evaluated the diets of septuagenarians at the age of 20 years but amazingly did not think it necessary to ask about family history. Sixteen years later, our paradigms have been radically altered by molecular genetic research.
We now know that AMD is a complex disease with a strong genetic component; indeed, out of an estimated 25 million sufferers worldwide, a genetic defect can be identified in approximately 75% of cases. 3 In particular, mutations in complement genes that lead to dysregulation of the complement pathway are frequently at fault. [4] [5] [6] [7] [8] [9] [10] [11] This is a remarkable progress considering that 5 years ago no AMD genes were known. What is also surprising is that we know of several genes of large effect ie individual genes, which are each mutated in upto 50% of patients. Therefore, in the future large-scale population screening would be relatively easy to achieve as only a small number of assays would be needed. Mutations in complement factor H (CFH) and HTRA serine peptidase 1 (HTRA1) contribute to over 70% of the population attributable risk of AMD. 3 It is intriguing that a widespread defence mechanism such as complement activation should result in a localised disease in the eye. Work presented by Chau et al 12 in this edition also suggests that AMD can be considered a systemic disease with raised plasma matrix metalloproteinase9 levels.
So, should we screen our patients for these genetic risk factors? The answer currently is 'no', as it will not alter treatment. Interim guidelines from the Royal College of Ophthalmologists are published with this edition, which give current guidance on management. 13 So, what is the point of finding these genes? First, an understanding of the fundamental aetiology is vital in order to create the most effective treatments. We now know that genes that regulate complement activation or are involved in the complement cascade are frequently mutated in patients with AMD. This now provides new drug targets for this disease. It is feasible that in the future we will offer personalised medicine based on a patient's underlying genetic background (pharmacogenetics); for example, we may screen for complement gene mutations and then offer treatment with oral complement inhibitors. Identification of the major genes, which when mutated lead to this disease, is the first step on this exciting path. Goverdhan et al 14 present work in this edition on how genotypephenotype correlations may develop to guide treatment in the future.
Environmental factors are also important in the development of this disease. Smoking is a major environmental risk factor 15 but most patients are unaware of this. This message needs to be disseminated more widelyFthat smoking causes blindness. In addition, obesity 16 and poor diet are also likely to contribute to the development of AMD. The Age-Related Eye Disease Study (AREDS) showed that a combination of vitamins and antioxidants can reduce the risk of progression of AMD by 25%. 17 The AREDS 2 study should answer the question of whether lutein, zeaxanthin or omega-3 acids are also beneficial.
Several pioneering studies have also radically altered our treatment of choroidal neovascularisation (CNV) associated with AMD. First, the macular photocoagulation studies both helped in creating a classification of subtypes of CNV and in determining the role of thermal laser. 18 Subsequently, the treatment of AMD with photodynamic therapy (TAP) and verteporfin in photodynamic therapy (VIP) studies 19, 20 showed the effectiveness of photodynamic laser treatment, and more recently it has become clear just how potent agents that can inhibit vascular endothelial growth factor (VEGF) are in the treatment of CNV. [21] [22] [23] [24] A major challenge for ophthalmology and the National Health Service (NHS) in the United Kingdom is how to accommodate these agents both in terms of cost and infrastructure. In this edition, Cervantes-Castañ eda et al 25 highlight how further work in early detection of AMD is needed in order to maximise the benefits of these novel treatments, while Leys et al 26 show the benefits of improving quality of life for AMD patients, if we are successful in introducing timely treatment.
Approximately one-third of patients see significant visual recovery when treated with ranibizumab and similar figures have been reported with bevacizumab. 24, 27, 28 Are they of equal efficacy? To answer this question, a randomised controlled trial has been funded in the United Kingdom (the IVAN trial) and a second similar study will take place in the United States. The IVAN trial will provide guidance on reducing total number of treatments and increasing re-treatment intervals, and should improve our understanding of how the different drugs work. Collectively, these studies will thus help ophthalmologists decide on efficacy, rather than just on cost, which drug should be made available in the NHS. Many other countries are likely to be guided by this research as they try to make the best use of limited healthcare resources. In addition, genotypephenotype correlations will also be analysed and so personalised treatment may develop from this research. It will be interesting to see if underlying genotype predicts the 30% in whom vision improves with treatment.
In the near future, we can expect to learn more about why the recently discovered mutations in genes that disrupt complement pathways selectively result in the phenotype of AMD. Many new drugs that inhibit VEGF are in development and could lead to less arduous treatment regimens for patients with CNV. Alternatively, we may be using surgery particularly in those patients who have developed end-stage disciform scarring. An example of such pioneering work is described by Heussen et al.
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AMD is a disease of epidemic proportions but, as the studies in this special edition show, much progress is now being made in its treatment, which is great news for patients. Ophthalmologists and scientists who have contributed to these studies should be justly proud of the progress made.
